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ABSTRACT

This study investigated the influence of iron concentration on the thermodynamic properties of
syndiotactic polypropylene (sPP)/iron composites in the melt phase in a series of samples with varying iron
content, ranging from 0 to 10% with a step of 2%. The HYSYS software was used to estimate molecular
weight, critical temperature (7,), critical volume (V,), and eccentricity (E,). The results showed that all
these properties changed as the iron content varied. The findings of this study confirmed that iron
concentration has an impact on the mechanical and chain dynamic (microscopic) properties of polymer

composites.
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I.  INTRODUCTION

Polymer composites have been known to have superior
mechanical, thermal, and physical properties compared to
polymers [1-6]. These characteristics change as the
reinforcement phase changes [7-13]. Since polymer composites
do not follow the same corrosion mechanisms as iron and steel,
they are quickly replacing these materials. Due to these
characteristics, polymer composites are versatile in many
industrial applications, and their study has attracted much
attention over the past few decades [3]. Fillers, such as iron
content, clay, etc., alter not only the macrostructure properties
of polymer composites but also their properties at the
molecular level (microstructure properties) [17-20]. The
thermal properties of polymer composites vary with the dose of
the reinforcing phase [19].

Several  studies  have  investigated  syndiotactic
polypropylene (sPP) composites. In [14], the rheological
characteristics of sPP were studied, examining how the
syndiotacticity of polypropylene affected the rheological
characteristics, including the plattau modulus and
entanglement molecular weight. When the syndiotacticity of
sPP increased, a rise in the plateau modulus was observed.
However, many polymers and polymer composite systems

have not yet undergone such investigation. In [15], the
rheological, thermodynamic, and multilayered film properties
were studied on polyethylene oxide and montmorillonite clay,
showing that an increase in the clay concentration caused a
progressive increase in the storage and loss moduli. The
thermal properties of composites and films were investigated
using DSC and TGA, relating them to their microstructural
characteristics, but without examining the relationship between
molecular weight and other thermodynamic parameters, such
as critical temperature, critical volume, and molecular weight.

In [16], it was examined how clay levels affect rheological
variables, such as plateau modulus and entanglement molecular
weight. Chinese bentonite clay was used to create clay and
polypropylene composites, showing that increasing the clay
concentration increased the plateau modulus and, as a result,
lowered the entanglement molecular weight. In [18], the impact
of thermodynamic variables on wood/plastic composites was
studied. Plastics were melted at 180°C to prepare the
composites, which were then dispensed onto wooden surfaces.
When correlating the contact angle with the wood content, it
was discovered that the contact angle decreased. At the
polymer/wood interface, it was discovered that sanding results
in decreased surface free energy and higher interfacial shear
strengths. At higher temperatures, composite wetting was
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caused by polymer characteristics rather than interfacial tension
at the polymer/wood contact. In [19], the thermal properties of
sPP/iron composites were investigated by examining how the
iron content affected thermal characteristics such as melting
point, crystallization temperature, and glass transition
temperature. The results showed that an increase in iron content
affected thermal properties, such as melting point,
crystallization, and glass transition temperatures, but this study
did not assess how iron content affects thermodynamic
properties, such as critical temperatures, critical volumes,
molecular weights, and eccentricities.

Several studies have investigated the synthesis, thermal,
and rheological investigation of polymers and composites made
of polymers and iron. However, there is a lack of studies on the
thermodynamic properties of sPP/iron composites or even
estimation using software. As a result, this study investigated
the relationship between the iron content and the
thermodynamic characteristics of sPP/iron composites.
Furthermore, this study estimated the thermodynamic
properties of sPP/iron composites using HYSYS software,
expanding previous studies [16, 19].

II. METHODOLOGY

Thermodynamic properties such as critical temperature (7,),
critical volume (V,), molecular weight, and eccentricity (E.)
were calculated for sPP/iron composites with varying iron
loadings ranging from 0 to 10% with a step size of 2%. The
library components of the HYSY'S software do not contain pure
polymers and polymer/iron composites, but the simulation
foundation manager allows for the creation of hypothetical
components. If HYSYS is given two of the three base
properties (molecular weight, normal boiling point, and
density), it can estimate the critical temperature, critical
volume, and eccentricity. To estimate the undetermined
attributes, an estimation approach was used before installing
the hypothetical components. This study used the default
approach [21]. Les-Kesler, Bergman, and Cavett are three
approaches that are accessible for the estimation of the critical
temperature and other thermodynamic parameters. When
choosing the default method, HYSYS selects according to the
supplied data [22]. HYSYS chose the Pitzer approach to
determine critical volume and eccentricity [23].

III. RESULTS AND DISCUSSION

This section presents results and a discussion of the effect
of iron content on the thermodynamic properties of sPP/iron
composites, examining critical temperature, critical pressure,
critical volume, eccentricity, and molecular weight as a
function of iron content, and finding that it greatly affects the
thermodynamic properties of polymer composites.

A. Effect of Iron Content on Critical Temperature

The results showed that iron content is positively correlated
with critical temperature. To reach the critical point, more
energy is needed as the critical temperature rises, showing that
composites made of sPP and iron have greater thermal strength.
Figure 1 shows the connection between iron content and
critical temperatures, pointing out that an increase in iron
content improves thermal stability, and increases the

intermolecular forces and the mechanical strength of sPP/iron
composites. Previous studies [16, 19] confirm these two
conclusions. The link between plateau modulus and clay
concentrations was investigated in [16]. The plateau modulus,
also known as the elastic modulus, demonstrates how the
sPP/clay composites react mechanically. Composites made of
sPP and clay with larger clay concentrations have higher
plateau moduli and critical temperatures, showing that adding
clay and iron to the filler increases thermal and mechanical
strength. When the critical temperatures and melting points of
the sPP/iron composites are matched, thermal stability is
confirmed. Figure 2 illustrates the connection between the
critical temperature and melting point temperatures, showing
the increased critical and melting temperatures of sPP/iron
composites with more iron content.
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Fig. 1. Relationship between critical temperature and iron content of
sPP/iron composites.
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Fig. 2. Relationship between melting point temperature and iron content
of sPP/iron composites.

B. Effect of Iron Content on Molecular Weight

According to Figure 3, there is a correlation between
simulated molecular weight (Mw) values and the amount of
iron in sPP/iron composites. The graph shows how the
molecular weight of the sPP/iron composites increases as the
iron content increases. The molecular weight of polymer and
polymer composites influences how quickly they relax [24].
These results can be further confirmed by [17], by matching the
cross-over frequency of the master curves (relaxation time) and
simulated molecular weights of the polymer composites.
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Fig. 3. Relationship between molecular weight and iron content of
sPP/iron composites.

C. Effect of Iron Content on Critical Volume

Critical volume is based on the volume of the material
observed [25]. The critical volume was estimated for each
sPP/iron sample. Figure 4 shows the connection between
critical volume and iron concentrations, pointing out that an
increase in iron concentration increases critical volume, which
is consistent with [25].
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Fig. 4. Relationship between critical volume and iron content of sPP/iron
composites.

D. Effect of Iron Contents on Eccentricity

Eccentricity is a metric for the way the crystals or
monomers of a material are organized [26]. The eccentricity of
all sPP/iron composites was simulated. Figure 5 shows the
correlation between eccentricity and iron concentrations,
demonstrating that eccentricity increased with increasing iron
content. This might have something to do with how iron
content affects crystallinity and, therefore, the eccentricity of
sPP/iron composites. This finding can be further verified from
the melting points of sPP/iron composites. Polymer composites
with a higher iron content have higher melting points,
indicating that the monomers are organized more consistently
and hence require more energy to melt.

These results show how the iron content affects the
thermodynamic properties of sPP/iron composites. An increase
in iron content increased the critical temperature and altered
other thermodynamic parameters. This is because an increase
in iron content increases the strength and thermal stability of
sPP/iron composites, as more energy is required to reach the
critical temperature. Figure 2 shows the relationship between
the melting point and the iron content, demonstrating that the
melting point of sPP/iron composites increases with increasing
iron content. This indicates that the iron content affects the
intermolecular forces of the sPP/iron composites. It can be
concluded that iron content affects the molecular architecture
of sPP/iron composites, and hence their thermal and
microstructure properties.

IV. CONCLUSION

Thermodynamic analysis provides wide information about
the properties of materials, as it provides information both at
the macromolecular and molecular levels. This study
demonstrates that the iron content affects not only the other
properties but also the thermodynamic properties of sPP/iron
composites. Thermodynamic properties were determined using
the HYSYS software, and these properties were analyzed as
functions of the iron content. The critical temperature, critical
volume, molecular weight, and eccentricity were found to
increase with increasing iron content, reflecting the fact that
iron content affects the polymer chain at both macromolecular
and molecular levels. The results of this study reveal that
thermodynamic information can be used to predict both the
molecular and macromolecular properties of any polymer or
polymer composite.
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